General synthetic considerations. All manipulations were carried out using standard Schlenk or glovebox techniques under a dinitrogen atmosphere. Unless otherwise noted, solvents were deoxygenated and dried by thoroughly sparging with N 2 gas followed by passage through an activated alumina column. Non-halogenated solvents were tested with a standard purple solution of sodium benzophenone ketyl in tetrahydrofuran in order to confirm effective oxygen and moisture removal. All reagents were purchased from commercial vendors and used without further purification unless otherwise stated. Lithium amides were prepared by deprotonation of the corresponding amines with nbutyllithium. [ 31 P chemical shifts were referenced to external phosphoric acid (δ = 0 ppm). After stirring for 5 min, 12-crown-4 (0.131 mL, 0.810 mmol) was added. The resulting bright yellow solution was stirred for 0.5 h, and then the solvent was removed in vacuo. The residues were triturated with petroleum ether (10 mL), and a yellow powder was collected on a sintered glass frit. Subsequent washes with petroleum ether (5 x 5 mL) gave analytically pure 1 (0.299 g, 84%). X-ray quality crystals were obtained by slow diffusion of petroleum ether vapors into a concentrated THF solution of 1. 2914, 2865, 1597, 1491, 1362, 1323, 1290, 1246, 1136, 1098, 1024, 920, 858, 809. Anal. Calcd for C 60 H 96 BCuLiNO 8 P 2 : C, 65.36; H, 8.78; N, 1.27. Found: C, 65.22; H, 8.55; N, 1.33. 219 mmol) in dichloromethane (12 mL) was added in one portion to solid 1 (0.242 g, 0.219 mmol), resulting in a cherry red solution. After stirring for 15 min, the solvent was removed in vacuo, leaving a dark red oily residue that was dissolved in petroleum ether (10 mL), filtered through Celite, and allowed to stand at -30°C for 16 h, resulting dark red needles that were crushed and washed thoroughly with petroleum ether to yield analytically pure 2 (41.4 mg, 25%). X-ray quality crystals were obtained by diffusion of hexamethyldisiloxane vapors in a concentrated solution of 2 in petroleum ether at -30°C. IR (KBr, cm -1 ):
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Synthesis of [Ph 2 BP
tBu 2 ]Cu(NHTol 2 ) (3). Tributyltin hydride (8.28 µL, 0.0308 mmol) was added to a stirring solution of 3 (21 mg, 0.028 mmol) in benzene (7 mL). After stirring for 4 h, the light yellow solution was concentrated in vacuo. The residues were washed thoroughly with petroleum ether (3 x 2 mL), leaving behind 3 as a tan powder (7.8 mg, 37%). The petroleum ether fraction was filtered through alumina and analyzed by GC-MS to reveal the stoichiometric hexabutyldistannane byproduct. Similar results were achieved using 1,2-dihydroanthracene (0.5 eq) or thiophenol in place of tributyltin hydride, yielding anthracene or PhS-SPh (0.5 eq), respectively. Though 3 was isolated in low yield due in part to its petroleum ether solubility, 1 H NMR studies established that it was generated quantitatively in the initial reaction mixtures. Attempts to recrystallize 3 from THF/pentane produced the previously characterized [Ph 2 After stirring for 2 min, 12-crown-4 (0.100 mL, 0.618 mmol) was added by syringe. The resulting cloudy yellow solution was stirred for 12 h, and then volatiles were removed in vacuo. Faint yellow residues were washed with pentane (3 x 10 mL) and then recrystallized from THF/pentane (-30ºC). Though combustion analysis of the crystals indicates the formula {[Ph 2 BP tBu 2 ]Cu(NPh 2 )}{Li(12-crown-4) 3 }, crushing these crystals and washing with pentane gives a product whose NMR spectroscopy is consistent with the indicated stoichiometry of 4, i.e. two equivalents of 12-crown-4. Two-crop yield: 0.169 g, 55%.
1 H (THF-d 8 , δ): 7.36 (br, 4H, borate ortho-CH), 6 .98 (d, J = 7.5 Hz, 4H, borate meta-CH), 6.86-6.75 (m, 8H, amido phenyl meta-and ortho-CH), 6 .62 (t, J = 7.1 Hz, 2H, amido phenyl para-CH), 6 .18 (t, J = 6.6 Hz, 2H), 3 Alternate synthesis of 4. THF (10 mL) was added to the solids 1 (0.345 g, 0.313 mmol) and diphenylamine (0.031 g, 0.33 mmol). The resulting clear, yellow solution was stirred for 12 h, and then volatiles were removed in vacuo. The tacky yellow residues were washed with diethyl ether (3 x 10 mL) and dried to yield 4 as an off-white powder (0.223 g, 66%).
Synthesis of {[Ph 2 BP
tBu 2 ]Cu-N(Ph)C 6 H 4 } 2 (5). A dichloromethane solution (10 mL) of FeCp 2 PF 6 (0.067 g, 0.20 mmol) was added to solid 4 (0.216 g, 0.201 mmol) in one portion, immediately resulting in a clear, dark red solution. After stirring for 15 min, volatiles were removed in vacuo. Diethyl ether (10 mL) was added, the resulting mixture was filtered, and the red filtrate was concentrated in vacuo to a red residue. After washing with pentane (10 mL), the remaining tacky red solids were lyophilized from benzene to yield 5 as a dark red powder (0.034 g, 23%). Crystals suitable for X-ray diffraction were grown by diffusion of pentane vapors into a concentrated dichloromethane solution of 5. Performing the initial stage of the procedure in deuterated dichloromethane and monitoring the reaction in situ by NMR spectroscopy reveals clean and quantitative conversion to 5 and one equiv of FeCp 2 . However, over a period of 2 days, 5 decomposes to a mixture of unknown colorless species, and hence satisfactory combustion analysis was not obtained. 1 
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Electrochemistry. Electrochemical measurements were carried out in a glovebox under a dinitrogen atmosphere in a one-compartment cell using a CH Instruments 600B electrochemical analyzer. A glassy carbon electrode was used as the working electrode and platinum wire was used as the auxillary electrode. The reference electrode was Ag/AgNO 3 in THF. The ferrocene couple Fc + /Fc was used as an external reference. Solutions (THF) of electrolyte (0.3 M tetra-n-butylammonium hexafluorophosphate) and analyte were also prepared under an inert atmosphere. X-ray Crystallography Procedures. X-ray diffraction studies were carried out at the MIT Department of Chemistry X-Ray Diffraction Facility on a Brüker three-circle Platform diffractometer, equipped with a CCD detector. Data was collected at 100K using Mo Kα (λ = 0.710 73 Å) radiation for all structures and solved using SHELX v. 6.14. X-ray quality crystals were grown as described in the experimental procedures. The crystals were mounted on a glass fiber or nylon loop with Paratone N oil. Structures were determined using direct methods with standard Fourier techniques using the Bruker AXS software package. Disordered solvent and 12-crown-4 regions of 1 and 2 were modeled extensively and restrained using DFIX, SIMU, DELU, and BUMP commands where appropriate. ) (50% ellipsoids). Co-crystallized solvent molecules and hydrogen atoms have been omitted (see CIF file). Cu = red, N = blue, P = orange, B = pink, C = gray. Table 2 . Crystal data and structure refinement for 2. Figure S4 . Thermal ellipsoid plot of 5 (50% ellipsoids, hydrogens omitted). Table 3 . Crystal data and structure refinement for 5. UV-Vis measurements. Optical spectroscopy measurements were taken on a Cary 50 UV/Vis spectrophotometer using a 1-cm quartz cell sealed with a Teflon stopper Figure S5 . Optical spectra of 2 as equally concentrated benzene and acetonitrile solutions. Note: the blue line corresponding to the spectrum in benzene is invisible because of near-perfect overlap with the red line.
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Self-exchange rate constant measurements. Self-exchange rate constant measurements were conducted using 1 H NMR line-broadening analysis. 3 Stock solutions of 1 in CD 3 CN and 2 in C 6 D 6 were prepared. The stock solution of 1 (400 µL) was placed in a J. Young NMR tube and the initial chemical shift (δ) and linewidth (ν 1/2 ) of the tolyl methyl resonance were recorded. Increasing amounts of the stock solution of 2 were then added volumetrically, and the mole fraction of 2 (χ 2 ), concentration of 2 ([2]), and δ and ν 1/2 for the tolyl methyl peak were recorded, each time locking, shimming, and referencing the 1 H NMR spectrum to the residual solvent peaks. A linear relationship between δ and χ 2 as well as between ν 1/2 and χ 2 verified that electronic exchange between 1 and 2 was occurring in the fast-exchange regime. The plots for one data run are reproduced below. NMR parameters are as follows: sfrq = 300.080 MHz, acquisition time = 1.995 s, sweep width = 4506.5 Hz, pulse width = 7.0 ms, relaxation delay = 5 s, number of transients = 16, spectrometer temperature = 20.0 °C.
The relation between linewidth and the exchange rate (k) is given in eq 1, where W denotes linewidth, χ denotes mole fraction, C denotes concentration, and subscripts P, D, and PD denote paramagnet (i.e. 2), diamagnet (i.e. 1), and paramagnet/diamagnet mixtures, respectively.
For all data points we measured (15 pts), the difference between W PD and the sum χ P W P + χ D W D was less than or equal to 1 Hz. In other words, the third term on the right-hand side of eq 1 was immeasurably small when considering the error associated with linewidth measurement. Because k is in the denominator of that term, it follows that k is too large to be measured accurately by this technique. 
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Electronic Structure Calculations. Density functional calculations were carried out using the Gaussian03 suite. 4 The electronic structures of the computational models {(Ph 2 BP The incident photon energy was scanned in 0.5 eV steps outside the rising edge regions for each edges where the step-size was 0.1 eV. At least five scans were averaged to obtain a good signal-to-noise ratio.
Radiation damage was observed at the Cu L-edge for the radical complex {(Ph 2 BP tBu 2 )Cu II (NTol 2 )}, which was corrected for by estimating the rate of change from two scans of three with 1 s and 0.5 s dwell times for two different sample positions. The incident photon energy was calibrated to the spectra of copper foil at the Cu K-edge (first inflection point at 8979 eV), difluorocopper(II) at the Cu L 3 -and L 2 -edges (white line positions at 930.5 and 950.5 eV, respectively), and triphenylphosphineoxide at the P K-edge (maximum of pre-edge feature at 2147.5 eV).
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The averaged raw data was background subtracted using a second order polynomial fit to the approximately 30 eV energy range before any spectral feature and normalized with a second order spline function above the edge jump at 9200, 980, 2890, and 2190 eV for the Cu K-, Cu L-, Cl K-, and P Kedges, respectively. Due to the different number of absorbers per molecule the Cl K-edge spectra had to be renormalized in order to compare the pre-edge features of CuCl 2 and Cs 2 CuCl 4 samples. The preedge features at the P K-, Cl K-, and Cu L-edges were fitted using the edg_fit program of EXAFSPAK. 9 Fitting parameters and representatives fits are given in Figure S9 . Fits to the pre-edge features at the Cl K-edge ( Figure S9A ) were used to determine the Cl 3p covalency in anhydrous CuCl 2 using the reference spectra and pre-edge fits for D 2d Cs 2 CuCl 4 . 10 Due to the complementarity of orbital coefficients, 100% less the above Cl 3p covalency gave the amount of Cu 3d character in the probed unoccupied, frontier orbitals of the CuCl 2 . This provided a Cu 2p→3d transition dipole moment, which was used to quantitate the Cu L-edge pre-edge features ( Figure S9B ) of the {(Ph 2 BP tBu 2 )Cu II (NTol 2 )} sample. Due to the lack of good standards the P character represented by the pre-edge feature at the P Kedge ( Figure S9C ) was estimated from results of electronic structure calculations. The Q-band bridge was modified with the addition of a GaAs field-effect transistor signal amplifier and low-noise Gunn diode oscillator. 12 
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Determination of k H /k D A dilute solution of 3 in C 6 H 6 (~70 µM) was placed in a cuvette and stopped with a rubber septum. UV-Vis scans were obtained every 1 min, and after the first scan either neat Bu 3 SnH or neat Bu 3 SnD (> 25 equiv per Cu) was added to the cuvette through the septum by syringe. An example of the resulting decomposition of 3 as monitored by UVVis is reproduced below. A plot of |ln(A 365 )| vs t revealed linear relationships in both cases, and the ratio of the slopes provided the kinetic isotope effect (see plot below). The average of three trials is reported. 
